Many risk factors for injury are presented in the literature, few of those are however consistent and the majority is associated with adult and not adolescent elite athletes.
environment, equipment), whereas other are nonmodifiable (gender, age, structural alignment). Identifying nonmodifiable risk factors may point out injury risk groups, whereas modifiable risk factors could be targeted in prevention programs. Due to the multifactorial and interacting causes of injuries among adolescent elite athletes, a more comprehensive analysis of a combination of risk factors could therefore also guide a more holistic approach in training and education to minimize risks for injury and maximize performance outputs.
Apart from soccer, limited number of studies on risk factors exists in adolescent elite athletes and few reports have studied risk factors from a biopsychosocial perspective, 7 that is, not including biological, psychological, or social factors in one model. Not accounting for all the factors involved could result in an overall risk of not identifying possible confounding variables or interaction effects and thereby incorrect conclusions. 3 In general, a previous injury has been found to be a risk factor for a subsequent injury 8 and a high training load and match-play also increase injury likelihood. 9 In line with these findings, combining training hours and intensity to a training load index have been found to be associated with injury risk in athletics. 8 In addition, a recent study demonstrated that the ratio of acute and chronic training load is a better predictor of injury than absolute training load in adult rugby players. 10 In summary, many risk factors are presented in the literature, few are however consistent across findings and the majority is associated with adult athletes. In addition, most variables explored are limited to different aspects of training factors without considering any social or psychological variables in the analysis as potential confounders. For instance, other more psychosocial health variables, such as sleep, self-esteem, and self-perceived stress, which is believed to be of importance in athletic performance, 11 are often limited or not reported at all for adolescent elite athletes. It is also unknown how a combination of risk factors representing both biological and psychosocial aspects is interacting and influencing risk for injury. So, targeting risk factors from a biopsychosocial perspective may contribute to a more holistic perspective on risk for injury, while still allowing for studying the effects of single factors, or in combination. We recently demonstrated that the injury burden is high in adolescent elite athletes (von Rosen P, Heijne A, Frohm A, Fridén C, Korrorp A, unpublished data, 2016), which stresses the need of targeted prevention strategies. Sleeping eight hours or less during weekdays and not reaching the recommended nutrition intake was also shown to increase the odds of injury, 12 supporting the need for a more comprehensive approach in risk analyses. However, in that report we did not use longitudinal data which limited the conclusions. The aim of this study, applying a biopsychosocial approach, was therefore to identify risk factors for injury in adolescent elite athletes by monitoring the athletes over a complete season (52 weeks).
| METHODS
This study is part of the larger KASIP project (Karolinska Athlete Screening Injury Prevention), aiming to understand injury occurrence and associated risk factors in Swedish adolescent elite athletes. Ethical approval was received from the Regional Ethical Committee in Sweden (2011/749-31/3) before initiation of the study.
| Data collection
Recruitment of participants was performed once a year (September-December 2013, September-December 2014) over a 2 years period. The first year, the heads of the National Federation of Basketball, Skiing, Orienteering, Handball, Volleyball, Tennis, and Athletics were invited to an information session about this project. The Volleyball, Tennis, and the Basketball Federations rejected participation due to involvement in similar projects or due to being too time consuming for the participants. During the second year all other National Federations in Sweden, not contacted during the first year, were invited to participate. This resulted in acceptance from the National Federation of Water ski, Canoe, Rowing, Wrestling, Bowling, Triathlon, Golf, Cycling, and American football. In all, 16 different sports from 24 National Sports High Schools were invited to participate. The available cohort consisted of 732 adolescent elite athletes (age range [15] [16] [17] [18] [19] . Each school was visited by one of the authors to inform the coaches and the athletes about the purpose of the study and the voluntary nature of participation.
All 732 athletes were then invited by e-mail and 680 athletes (92.9%) responded to the invitation. Written consent was obtained from all athletes. A questionnaire was e-mailed to the athletes over a period of 52 weeks, consecutively recruited between September 2013 and December 2014. The athletes monitored during the first year received the questionnaire weekly, and the athletes monitored during the second year received the questionnaire bi-weekly. The reduction to bi-weekly questionnaire distribution the second year was decided upon in order to improve the response rate of the athletes. If no response had been registered, a reminder e-mail was sent 4 days later. All athletes were also asked to fill out an online background questionnaire during the first week of the study. The software Questback online survey (Questback V. 9.9, Questback AS, Oslo, Norway) was used for data collection.
| Questionnaires-applying a biopsychosocial approach
The weekly/bi-weekly questionnaire contained the valid 16 and competence-based self-esteem. 17 The reason for studying the specific sub-questionnaires is based on the findings of von Rosen et al., 12 where all these factors were studied as risk factors for injury. This study extends the analysis of that report and now includes repeated measured data. Including different kinds of explanatory factors as risk factors for injury, utilizing a prospective design, is also supported by the literature. 6, 18 In addition, different aspects of the variables including in this report have previously been studied as risk factors in an athletic population, [19] [20] [21] [22] but never previously in a joint statistical model for adolescent elite athletes. The questionnaire regarding sleep addresses the average amount of sleep during weekdays and has been determined to have good reliability and acceptable construct validity. 23 The Perceived Stress Scale (score range 0-56) address to what extent life events are appraised as stressful. High scores indicate high levels of self-perceived stress. The PSS scale has been found to have acceptable reliability as well as satisfactory construct, concurrent, criterion, and predictive validity. 24, 25 The SNFA index (0-12) describes a diet's total nutrition content; with high scores representing a healthy diet. The SNFA index has been shown to have good reliability and criterion validity. 16 Self-esteem, defined as a person's overall evaluation of his or her worthiness, was assessed by the Competence-Based Self-Esteem Scale (score range 12-60), which describes contingent self-esteem dependent on competence as well as self-criticism and feeling of insufficiency. High scores indicate a self-esteem mainly based on performance and competition results, and low scores, which are preferable, a self-esteem not dependent on performance results or achievements. The CBSE has been found to have satisfactory reliability and concurrent validity. 17 By studying biological (e.g, gender, age, anthropometrics, training response), social (e.g, stress, sleep, nutrition), and psychological variables (e.g, self-esteem), a biopsychosocial perspective was applied in data collection ( Figure 1 ). In this perspective, biological, social, and psychological variables interact and influence injury risk against a background of additional environmental factors. 26 In our logic model, variables such as training habits, self-perceived stress, competencebased self-esteem, are affected by the athlete's interactions with parents, coaches, competitors, or related to internal expectations from the athlete himself/herself. 2 It is important to note that several variables could be placed in more than one category in the biopsychosocial model. For instance, training habits could be seen as a result of a social construct or a combination of social and psychological aspects, while the training response belongs to the biological category.
| Final cohort
In order to be included in the analysis of risk factors the athletes had to be injury free and followed over at least two timepoints. The injured athletes (n=393, 57.8%) at the start of the study were followed until they over four following weeks reported full participation in normal training or competition, no reduced performance level or reduction in training volume or experience of pain, at what time they were then included in the study. This resulted in 184 athletes not entering the study due to either being lost to follow-up before recovered from injury (n=134) or due to responding only to one questionnaire (n=50). The athletes that responded once reported no interest in keeping on with the surveillance, even though reminders were sent. The athletes lost to follow-up had a higher proportion of athletics athletes (31.3%), but did not differ from the main cohort under investigation regarding gender (P=.216) or age (P=.075). The final cohort consisted of 496 adolescent elite athletes (female=226, male=270; Year 1=273, Year 2=223) and included 67.8% of the initial selection of athletes ( Figure 2 ). Demographics for the included athletes are presented in Table 1 .
| Data processing
Four pre-event variables, the ratio of training load, (performed training in hours) training intensity, sleep volume, and number of days of competition, were calculated by taking the value the week before the new injury relative to the last 4 weeks average value before that injury. 10 These variables represent changes in training habits or sleep volume before an injury occurred. For the athletes reporting biweekly, this was calculated by taking the average value of the two last weeks before the injury, relative to the last 4 weeks average value. For the athletes that did not report any new injury, the pre-event variables were calculated by taking the last measure in the dataset relative to the last four or three (if not four values were available) weeks' average measure. Based on the calculated variables above, new dichotomous variables were created, that is, the pre-event variables were dichotomized at a factor higher than 1.0 for the training load, training intensity, days of competitions, and at a factor lower than 1.0 for the decreased sleep volume. These variables are from now named increased training load, increased training intensity, increased number of days of competition, and decreased sleep volume. SNFA index (score ≤four points) and sleep duration during weekdays (≤8 hours) were also used to create new dichotomized variables, named from now on as Nutrition Index and Sleep weekdays. On average, 4.4% of pre-event variables were not possible to calculate due to missing data and 19.6% of the athletes had incomplete datasets. Multiple imputations following the ideas of Rubin 27 were therefore used to handle the missing data.
Firstly, the patterns of missing data were analysed using logistic regression analysis with baseline variables (age, gender, body mass index (BMI)) as covariates. Secondly, the patterns were analysed using the missing completely at random test (Little′s MCAR) described by Little. 28 These analyses showed that baseline characteristics were not statistically predictive of incomplete data. Moreover, Little′s MCAR test was negative (P=.679). The missing data were therefore deemed to be of the type "missing at random", an assumption required for multiple imputation techniques. 29 In line with the approach suffered an event (injury). Imputing these values were therefore considered more costly than favorable and deemed to have a low impact on the results. These values were therefore not imputed.
| Statistical analyses
Cox proportional hazard models were used in order to study potential risk factors to the first reported new injury. The eleven covariates included in the Cox proportional hazard model were baseline measures such as gender, BMI, history of severe injury that affected or completely hindered training for a continuous period of at least 3 weeks, self-perceived stress, 15 nutrition Index, 16 competence-based self-esteem, 17 sleep weekdays, and the pre-event variables.
The analysis was first carried out using univariate proportional hazard models and thereafter using multiple proportional hazard models. Based on the univariate analysis a Risk Index was calculated by summing the value of the significant (P<.05) risk factors of the dichotomized (coded: 0-1) preevent variables (increased training load=1, increased training intensity=1, decreased sleep volume=1). The Risk Index is therefore a categorical variable (0-3), where zero means not having any of the three risk factors and three stands for three significant risk factors.
In the multiple proportional hazard models, a backward stepwise conditional approach was used, meaning that covariates were excluded if not contributing statistically (P<.10) to the model. A P value of less than .10 was chosen as P<.05 may result in that important variables may be excluded. 31 Two
Cox proportional hazard models were constructed; one with the pre-event variables (Model 1) and one with the Risk Index (Model II). This was done to illustrate the increased risk with having all the three risk factors compared to having no risk factors. The final models were adjusted by gender and BMI. Interaction was tested between combinations of gender and the covariates and between combinations of the significant covariates. More than ten events per covariate were obtained, as suggested by Bradburn et al. 32 The final models were checked for the proportional hazards assumption by visually inspection of the logarithm of the cumulative hazards functions. Kaplan-Meier curves were constructed to plot injury risk for the covariates of gender and the covariates with a significant (P<.05) hazard ratio, based on the univariate analyses. All statistical analyses were performed in SPSS (V.22, IBM Corporation, New York, NY, USA).
| RESULTS
Of all athletes (n=496), 215 (43.3%) reported a new injury over the 52-week period ( Table 2 ). The average time to first injury was 11.4 weeks, and the censored athletes were followed in average for 19.0 weeks ( Table 2) . Most injuries were located in the foot (20.0%) and injuries in the lower extremity (defined as the area from the foot to the hip) accounted for 65.1% of all injuries.
| Univariate risk factors to first reported injury
The univariate analyses identified five significant (P<.05) risk factors; competence-based self-esteem (HR 1.02), increased training intensity (HR 1.37), increased training load (HR 1.40), decreased sleep volume (HR 1.46), and Risk Index (HR 2.37 for athletes with all three risk factors) ( Table 3 ). The Risk Index shows that the risk for injury increased progressively with zero risk factors compared to having all of the three risk factors. An athlete that had increased the training intensity, training load, and decreased the sleep volume had a
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Overall injury data HR of 2.37 compared to an athlete that had no change in these variables. No significant differences in risk of injury were found for gender. Kaplan-Meier curves of the significant risk factors and for gender are presented in Figures 3 and 4. 
| Multiple Cox regression analyses of risk factors to first reported injury
In Model I, multiple Cox regression analysis identified five risk factors (P<.10) to first reported injury; nutrition Index, competence-based self-esteem, sleep weekdays, increased training load, and decreased sleep volume, after adjusting for gender and BMI (Table 4 ). An increase by one score of competence-based self-esteem increased the hazard with 1.02 (P=.01), an unhealthier diet increased the hazard with 1.32 (P=.06) compared to a healthier diet and sleeping ≤8 hours increased the hazard with 1.31 (P=.08) compared to sleeping more than 8 hours. In Model II the pre-event variables were replaced by the Risk Index variable and Nutrition Index and competence-based self-esteem were again significantly (P<.10) contributing to the model. An athlete that had increased the training intensity, training load and decreased the sleep volume had a HR of 2.25 (P<.01) compared to an athlete that had no change in these variables. Based on the multiple Cox regression analysis (Model II), an athlete having all significant (P<.05) risk factors (Risk Index, competence-based self-esteem), with an average competence-based self-esteem score, had more than a threefold increased risk for injury (HR 3.35), compared to an athlete with a low competence-based self-esteem (score 12) and no change in sleep or training volume. No interactions were found with gender for any of the included covariates or between the covariates included in the two models.
| DISCUSSION
This is one of the largest prospective cohort studies on risk factors in adolescent elite athletes and also one of the first studies aiming to analyse risk factors with a biopsychosocial framework. The main finding was that an increase in training load, training intensity, and at the same time decreasing the sleep volume resulted in a higher risk for injury compared to no change in these variables, which was the strongest risk factor identified in this study. In addition, a high competencebased self-esteem also increased the risk for injury. The findings also suggest that the biopsychosocial model applied in this study contributes with a combination of risk factors that supports a more holistic approach in understanding the causes of injuries among adolescent elite athletes, and also opens up for a more comprehensive approach in strategies for interventions to minimize injury risks.
In this study, we explored both repeated measured data and baseline data as possible risk factors. Instead of focusing on absolute values, the strength of repeated measured data is the possibility to monitor changes in variables before an event has occurred. A risk factor of the baseline measures may render the athlete susceptible to injury while the occurrence of 
F I G U R E 3
Kaplan-Meier curve for time to first reported injury displayed by gender pre-event variables may increase the risk of injury even further. This also means that for an athlete demonstrating a combination of risk factors, changing the behavior of one factor, for example, increasing the sleep volume or improving the diet, will potentially reduce the risk of injury. However, targeting several risk factors will have an even better probability of minimizing the risk for injury. Few earlier studies have applied a biopsychosocial perspective when identifying risk factors, and no study has empirically demonstrated an association of decreased sleep volume with injury risk in this population. Hulin et al. 10 demonstrated the risk of injury to be associated with increased training load the week before injury relative to the last four weeks average training load, in rugby players. In that study, the highest risk for injury was associated with the greatest increase in training load. A novel finding of this study was also that the risk of injury increased while the training load and intensity increased in parallel with a decrease in sleep volume, resulting in the highest hazard (2.25) for injury identified in this study. This could, for instance, illustrate a training camp situation for athletes where the training load is likely increased at the same time as the sleep pattern or volume may be disturbed. A sudden change in these factors affects the balance between training load and rest, resulting in increased stress on the musculo-skeletal system, causing fatigue, functional impairments and thereby contributing to injury occurrence. 33, 34 The effects of such training camps must therefore, on the basis of the findings from this study, be studied more in depth also from the injury perspective. In addition, sleep reduction is associated with reduced reaction times, performance, motivation, mood changes or general injury-related risk behavior, 33, 35 illustrating the complex causal pathway between injury and sleep or adequate recuperation time. Few studies have studied competence-dependent selfesteem, 12, 17 that is, self-esteem based on performance and competition results. Although a low self-esteem is associated with increased risk of eating disorders, depression, poorer mental and physical health, and risk behaviors, 36 few studies have associated low self-esteem with injury risk in sports. Instead, self-esteem has been studied more intensively during the return to sports after an injury. 37 In this study, both statistical models identified competence-dependent self-esteem as a risk factor for injury. An increased hazard of 1.02 may not be considered as a strong risk factor; however, an athlete with the highest score (58) of competence-dependent self-esteem will have more than a twofold increased injury risk (HR 2.50), compared to an athlete with the lowest score (12) . The athlete with a high competence-based self-esteem may not use protective equipment as injury precaution, minimize recovery time between training sessions and engage in other risk situations to achieve success in sports. In addition, the same athlete may have a negative pattern of perfectionism associated with high levels of anxiety and low levels of self-confidence, 38 which may affect the ability to deal with setbacks, stress, or criticism. All these factors may lead to an increased risk behavior that is likely to have consequences for injury risks throughout the entire season, and affect the athlete both at preseason, preparation, and competition periods. 39 In that perspective, understanding why a competence-based selfesteem could increase the injury risk is not difficult. These findings therefore indicate that a competence-dependent selfesteem should be monitored more closely in adolescent elite athletes, and potential strategies to support development of self-esteem in education and mental training is warranted, also from an injury risk perspective.
Although not significant (P=.06), the Nutrition Index demonstrated a similar hazard ratio (1.31-1.32) for injury in multiple Cox regression models. The Nutrition Index does not consider energy intake, instead the focus is on the diet's nutrition content. A healthy diet, containing adequate intake of protein, carbohydrates, fats as well as vitamins and minerals, is likely to enhance recovery between training sessions and competitions and thereby reduce the risk of injury and illness. 40 In addition, having an unhealthy diet is associated with eating disorders, 36 which in female athletes has been found to affect bone mass, lead to menstrual dysfunction and thereby increase the risk of injuries such as stress fractures. Besides, insufficient vitamin D status has been found to increase the risk for illness in college athletes. 19 Focusing on nutrition aspects in adolescent elite athletes aiming to improve the diet should therefore also be considered as a preventive strategy for injury or illness. 
T A B L E 4 Multiple Cox regression
analyses of risk factors to first reported injury for all athletes Self-perceived stress was not identified as a risk factor in this study. This is likely explained by the fact that selfperceived stress was only measured at baseline. In fact, self-perceived stress is likely fluctuating by time, related to unpredictable and uncontrollable life events that are appraised as stressful, which was unfortunately not considered in our design. Several reports have shown self-perceived stress or daily hassles to increase the injury risk in sports. 20, 41 According to these studies, stress is likely a better injury predictor if measured repeatedly over a season, as it will probably vary over time and season.
It is important to note that no single risk factor provides an adequate etiological explanation of injury in our study. Instead by combining risk factors, such as the application of a Risk Index, a higher hazard of injury was identified compared to the presence of single risk factors. This confirms that the occurrence of injury is a complex system of multiple risk factors interacting in complex ways. 3, 6 Based on our findings, we recommend that coaches of adolescent elite athletes attempt to identify athletes with high competence-based self-esteem, an unhealthy diet or a low sleep volume, or a combination of those, during preseason. These risk factors should then be modified using a mix of interventions and educational strategies emphasizing on nutrition, cognitive training, and psychological aspects (self-esteem). By carefully planning the increase in training volume, the decrease in sleep volume or identifying similar risk situations such as training camps, may further reduce the risk of injury. We also emphasize that future studies should design, explore, and evaluate interventions aiming on modifying these risk factors in a prevention perspective, and also to explore the risk factors more in-depth in single sports. In addition, exploring the identified risk factors in detail, for example, optimal level of sleep volume or most important aspects of nutrition, are also highly relevant. The strengths of this study are the prospective nature, following a high number of adolescent elite athletes from 16 different sports, over a complete season. The sample consisted of elite athletes from 24 National Sports High Schools, located all over Sweden, and could be considered as a representative sample of adolescent elite athletes. To attend these schools all athletes have to compete at the highest national level for their age group. A biopsychosocial perspective was applied as the conceptual framework, to allow for a more comprehensive understanding of injury risk. A reliable, valid questionnaire previously used in sports surveillance was also used, as well as a modern definition of injury. At the start of the study, all athletes had to be injury free before included in the risk factor analysis, resulting in a homogeneous cohort of noninjured athletes and that the exposure of current injury could to a certain extent be controlled. In addition, history of severe injury was used as a covariate to control for injury history. Even if missing data occurred, this proportion was rather small (4.4%) for the pre-event variables.
The findings of this study should also be viewed in the light of potential limitations. At the start of the inclusion, some athletes were in the competitive season, other in base training or preseason, which may lead to different injury risks across individuals and groups. However, following the athletes during a complete season and monitoring factors associated with, for example, competitive season, such as total competition time, may minimize this bias. It could also be argued how reliable it is for an adolescent by him-or herself to estimate the training load, intensity or sleep volume. However, the majority of athletes followed are used to monitor these variables using training diaries, which in certain schools also are mandatory. In addition, most athletes frequently wear training gears such as watches, Global Positioning Systems (GPS) equipment, to get a more objective measure of the training volume. However, the data analyses were limited to certain variables and, for example, data on the injury mechanism and other biomechanical variables were unfortunately not collected. Due to both weekly and biweekly data collection, the pre-event variables were calculated in slightly different ways. However, analysing the data by year did not result in identifying any new risk factors and change the main findings. Still, we believe in monitoring the athletes as closely as possible, keeping a high response rate. In future studies, researchers should study other variables of psychological and social nature, for example, coping skills, motivation, self-efficacy, social support, and also explore risk factors for different injury types, severity, and subsequent injuries.
| PERSPECTIVES
Many risk factors for injury are presented in the literature, few of those are however consistent and the majority is associated with adult and not adolescent elite athletes. This is one of the largest prospective cohort studies on risk factors in adolescent elite athletes and one of the first studies analysing risk factors from a biopsychosocial perspective. The main finding was that an increase in training load, training intensity, and at the same time decreasing the sleep volume resulted in a higher risk for injury compared to no change in these variables, which was the strongest risk factor identified in this study. Based on the multiple Cox regression analysis, an athlete having all risk factors identified (Risk Index, competence-based self-esteem), with an average competence-based self-esteem score, had more than a threefold increased risk for injury (HR 3.35), compared to an athlete with a low competence-based self-esteem (score 12) and no change in sleep or training volume. This confirms injury occurrence as the results of multiple risk factors interacting in complex ways. Monitoring the change in training load, training intensity and sleep volume should be general | von RoSEn Et al. practice in adolescent elite sports. Future studies developing and evaluating complex interventions of education and training are warranted, to minimize risk for injury and maximizing athletic outcomes.
